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57 ABSTRACT 
In one embodiment of an electrical cable, a high resis 
tivity inner shield surrounds and is insulated from a 
central conductor within the electrical cable. The inner 
shield is surrounded by, and optionally insulated from, 
an outer, highly conductive shield. This approach may 
be thought of as shielding the interior central conductor 
from the outside highly conductive metal shield. The 
inner shield attenuates the effects of fluctuating voltage 
gradients in the outer shield on the central conductor. 

: 12: Sh - - - - - 1745: This technique of an inner shield shielding an interior 
E. 4/1975 W r 74/106 sc electrical conductor may also be employed in cabinets 
06.06s 8/1678 Olson. 174/iosc for electronic equipment. 

4,487.996 12/1984 Rabinowitz et al. .........., 174/105 R 
4,626,618 12/1986 Takaoka et al. .......... 174/102 SC X 
4,757,297 7/1988 Frawley ........................ 174/35 RX 9 Claims, 1 Drawing Sheet 
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1. 

HIGH RESISTIVITY INNER SHIELDS FOR 
AUDIO CABLES AND CIRCUITS 

FIELD OF THE INVENTION 

This invention relates to audio cables and audio cir 
cuits and, in particular, to an improved shield for such 
cables and circuits to improve the sound quality of 
audio signals carried by such cables and circuits. 

BACKGROUND OF THE INVENTION 

In audio systems, electrical cables are used to carry 
signals from one component to another, such as from a 
CD player to an audio preamplifier, or from a preampli 
fier to a power amplifier. Such cables are usually 
shielded in order to prevent a central conductor, con 
ducting the audio signal, within the cable from picking 
up outside electrical signals, such as hum from power 
wiring and other interference. Shielding almost always 
consists of placing the central conductor within a 
grounded, highly conductive metal tube such as formed 
by woven copper strands, aluminized mylar tape, or the 
like. Sometimes a separate ground lead is placed within 
the shield and insulated from both the shield and the 
central conductor, or, alternatively, the shield itself may 
be used as the ground lead. 

Similarly, the circuitry within audio equipment (e.g., 
CD players, preamplifiers, amplifiers, tape players, etc.) 
is sometimes shielded by means of a grounded metal box 
to block outside electrical signals from interfering with 
the low level audio signals being generated within the 
audio equipment. 

All these above-mentioned shielding methods are 
based on the same principle that the wire or system to 
be shielded is placed within an highly conductive enclo 
sure, usually made of metal. Such a shield is sometimes 
called a Faraday cage. Faraday cages are employed 
because Maxwell's equations (which govern electro 
magnetic phenomena) teach that there can be no elec 
trostatic field penetration from the outside to the inside 
of a perfectly conducting, closed surface. 
Although the above methods of shielding are effec 

tive in preventing externally generated electric fields 
from penetrating into the central conductor of a cable 
or into the enclosed audio circuitry, the above methods 
of shielding degrade the quality of the audio signals 
conducted in the audio cables or generated by the audio 
circuitry. Such degradations are audible to a well 
trained ear, as confirmed by listening tests we have 
conducted; however, these degradations are subtle and 
are typically not detectable by standard oscilloscope 
traces, nor are they apparent on the usual distortion 
measuring equipment. 

In the case of shielded cables, we believe that the 
cause of such degradation stems from the fact that the 
highly conductive shield intersects magnetic field lines 
generated by the current carried by the central conduct 
ing wire. These intersected field lines, in turn, induce 
eddy currents in the shield, which cause fluctuating 
voltage gradients (or electric fields) along the shield. 
These fluctuating voltage gradients are capacitively 
coupled to the central conductor and thus degrade the 
audio signal carried on the central conductor. 

Similarly, the frequently used, highly conductive 
shielding cabinet surrounding an audio circuit may af. 
fect the sound quality of the audio circuit. The magnetic 
fields generated by currents flowing through the output 
leads of amplifier circuits within the cabinet may induce 
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2 
small eddy currents in the conducting walls of the cabi 
net. Such eddy currents produce fluctuating electric 
fields which, in turn, induce small currents in the input 
leads of amplifiers within the cabinet. The small in 
duced currents in the input leads will be greatly ampli 
fied and thus may produce noticeable effects at the 
outputs of the amplifiers. 
Thus, what is needed is an audio cable and improved 

type of shielding for audio circuits which do not suffer 
from the above-identified drawbacks with typical 
shielded cables and audio equipment cabinets. 

SUMMARY OF THE INVENTION 

The above-described drawbacks of conventional 
shielded cables and cabinets are overcome to a great 
extent by employing one or more high resistivity shields 
within the shielded cable or cabinet which is much less 
conductive than the standard metallic shield. More 
specifically, in one embodiment of an electrical cable, a 
high resistivity inner shield surrounds and is insulated 
from a central conductor within the electrical cable. 
The inner shield is also surrounded by and optionally 
insulated from an outer, highly conductive shield. This 
approach may be thought of as shielding the interior 
central conductor from the outside highly conductive 
metal shield so as to attenuate the effects of fluctuating 
voltage gradients in the outside metal shield. Two or 
more sets of high resistivity inner shields, each insulated 
from one another, may be used in conjunction to further 
reduce the effects of fluctuating voltage gradients in the 
outside highly conductive shield. 
This technique of using a high resistivity shield to 

eliminate the problems with the prior art shielding 
methods may also be employed in cabinets for elec 
tronic equipment, whereby such a high resistivity shield 
would form an inside surface of the cabinet, while a 
highly conductive metal outside surface of the cabinet 
would surround the high resistivity shield. 

In another embodiment, the highly conductive metal 
outer surface of the cabinet is eliminated, and the high 
resistivity shield by itself is used to shield the internal 
circuitry from outside electrical interference. The high 
resistivity of the shield prevents significant eddy cur 
rents from forming in the high resistivity shield. 

If the high resistivity shields in the cable or in the 
cabinet are insulated from the outside metal shield and 
insulated from any central conductor, these high resis 
tivity shields are grounded preferably at a single point. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates one embodiment of an electrical 

cable for audio signals in accordance with the inven 
tion. 

FIG. 2 illustrates a cabinet for housing audio equip 
ment, wherein the cabinet incorporates a high resistiv 
ity shield in accordance with one embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shows an audio cable 10 incorporating an 
inner shield to reduce distortion of an audio signal car 
ried by cable 10. The audio cable 10 has been stripped 
away at various intervals to illustrate the construction 
of the audio cable 10. A central conductor 12 is used to 
carry the audio signal. 
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Conductor 12 may be formed of a highly conductive 
material such as copper. Such a central conductor 12 
would be conventional. 

In the preferred embodiment, however, conductor 12 
is formed of a high magnetic permeability material to 
reduce distortion as described in our U.S. Pat. No. 
4,964,738, entitled "Electrical Conductor of High Mag 
netic Permeability Material for Audio Circuits.' 
Surrounding conductor 12 is a spacing layer of paper 

13, and surrounding paper 13 is an insulator 14. Insula 
tor 14 may be any type of resilient dielectric used in 
conventional audio cables. In the preferred embodi 
ment, insulator 14 is a layer of Mylar film. 
Surrounding insulator 14 is a high resistivity inner 

shield 15, which is of a much higher resistivity than that 
of a typical metallic shield used in audio cables. Inner 
shield 15 may be formed of any of various types of 
highly resistive materials. Some materials which have 
been successfully employed thus far include: conduct 
ing plastic tape, paper tape with carbon deposited on 
one side, plastic tape with carbon deposited on one side, 
or paper tape treated with conductive ink. Commer 
cially available conducting plastic tape may have a 
surface resistivity in the range of 100 to 1000 ohms. 
Commercially available types of paper tape with carbon 
film or conductive ink deposited on one side may have 
a surface resistivity in, the range of 100,000 ohms to one 
megohm. Commercially available plastic tape with car 
bon film deposited on one side may have a surface resis 
tivity in the range of one megohm to ten megohms. In 
contrast, the surface resistivity of a braided copper 
shield that forms conventional shielding wire in a coax 
ial audio cable may be approximately 10 ohms. Thus, 
commercially available, non-metallic conducting films 
which may be effectively utilized in the audio cable 10 
of FIG. 1 have surface resistivities which may be higher 
than conventional metallic shields by factors of approxi 
mately 106 to 10, although inner shields having a sur 
face resistivity even exceeding one ohm provide an 
improvement over prior art cables. 

In the preferred embodiment, inner shield 15 is car 
bon treated paper with a surface resistivity of approxi 
mately 0.5 megohm. 

In an alternative embodiment, paper 13 and insulator 
14 are eliminated, and inner shield 15 is formed in 
contact with conductor 12. 

Referring back to FIG. 1, a spacing layer of paper 16 
then surrounds inner shield 15. 
A second high resistivity inner shield 17, comprising, 

for example, a carbon treated polymer (i.e., plastic) tape 
having a surface resistivity of approximately 500 ohms, 
surrounds paper 16. This inner shield 17 is optional and 
may be formed of any type of suitable high resistivity 
material. 
Another spacing layer of paper 18 then surrounds 

inner shield 17. 
A copper ground wire 19, insulated with enamel, runs 

along the length of the cable 10 as an optional high 
conductivity path for a ground voltage. 
To provide effective shielding from high levels of 

externally generated electrical interference, a highly 
conductive metallic shield 20, such as aluminized My 
lar, is employed to surround ground wire 19 and paper 
spacer 18. 

In an alternative embodiment, paper 18 is eliminated 
so that inner shield 17 is in contact with metallic shield 
20 along substantially the entire length of the cable 10. 
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4. 
Referring back to FIG. 1, an extruded outer insulator 

21 surrounds metallic shield 20. 
The components forming audio cable 10 are selected 

so as to be relatively flexible for their use in intercon 
necting audio equipment. An appropriate connector 
may be connected at the end of audio cable 10 for cou 
pling inner shields 15 and 17, metallic shield 20, and 
ground wire 19 to a ground or reference terminal and 
for coupling conductor 12 to an audio signal lead. 

In any multiple inner shield embodiment, it is pre 
ferred that the highest resistivity inner shield be placed 
closest to the central conductor 12. Thus, the inner 
shields will be successively arranged from the highest 
resistivity layers to the lowest resistivity layers which 
culminate in an outermost high conductivity layer of 
conventional metallic construction. 

In another embodiment, only a single high resistivity 
innershield is employed. This single innershield may be 
either insulated from both the central conductor 12 and 
outer metal shield 20 or just insulated from either the 
central conductor 12 or the outer metal shield 20. 

FIG. 2 illustrates the construction of a shielding cabi 
net 30 for an audio amplifier. The cabinet 30 may be 
employed for shielding any type of equipment. Shown 
in FIG. 2 is a portion of the cabinet 30 cut away and 
enlarged. 

FIG. 2 shows an outer highly conductive metal shield 
32 providing a high degree of shielding against outside 
electrical interference. A layer of insulation 36 is used to 
insulate a highly resistive inner shield 38 from the outer 
metal shield 32. In one embodiment, insulation 36 is a 
plastic sheet, while the highly resistive innershield 38 is 
a carbon layer formed on the insulation 36. The inner 
shield 38 may be formed of the same materials described 
with respect to inner shield 15 in FIG. 1 or may be 
formed of any suitable type of material. 

Both metal shield 32 and innershield 38 are grounded 
at preferably a single point. 

In an alternative embodiment, the insulation 36 is 
eliminated, and the inner shield 38 contacts the metal 
shield 32. 
As described with respect to FIG. 1, multiple inner 

shields may be used in the construction of cabinet 30, 
where each inner shield is insulated from one another 
and may have a different resistivity. 

In another embodiment, metal shield 32 and insula 
tion 36 in FIG. 2 are deleted. The high resistivity shield 
38, or a plurality of shields 38, is/are chosen to provide 
the desired shielding against externally generated inter 
ference signals. With a cabinet 30 formed of only one or 
more high resistivity shields, the problems with prior 
art metal cabinets are avoided while still obtaining ef 
fective shielding against interference signals. 

In any of the cabinet embodiments described above, 
the problem with eddy currents in a metal cabinet in 
ducing signals on signal leads of the internal circuitry is 
avoided. 
Thus, an improved cable for electrical signals and an 

improved cabinet for housing amplifying equipment 
have been described herein. The teachings of the high 
resistivity inner shield may be applied to cables and 
cabinets used for other than audio equipment; the cables 
and cabinets described herein may be used in conjunc 
tion with any equipment where distortionless signals are 
desired to be transmitted. 
While particular embodiments of the present inven 

tion have been shown and described, it will be obvious 
to those skilled in the art that changes and modifications 



5,274,712 
5 

may be made without departing from this invention and 
its broader aspects and, therefore, the appended claims 
are to encompass within their scope all such changes 
and modifications as fall within the true spirit and scope 
of the invention. 
What is claimed is: 
1. An audio circuit comprising: 
one or more conducting wires connected to audio 
equipment for conducting electrical signals be 
tween said audio equipment; 

one or more high resistivity inner shields surrounding 
said one or more conducting wires, said one or 
more inner shields each being composed of a con 
ducting material with a surface resistivity exceed 
ing approximately one ohm, all of said one or more 
inner shields being insulated from said one or more 
conducting wires; and 

a highly conductive outer shield surrounding said one 
or more inner shields and insulated along a length 
of said outer shield from all of said one or more 
inner shields and insulated from said one or more 
conducting wires. 

2. The audio circuit of claim 1 wherein each of said 
one or more inner shields are composed of a conducting 
material with a surface resistivity exceeding approxi 
mately 100 ohms. 

3. The audio circuit of claim 1 wherein said one or 
more inner shields comprises a plurality of inner shields 
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6 
wherein each of said inner shields is formed of a con 
ducting material with a surface resistivity exceeding 
approximately one ohm, wherein each of said inner 
shields is concentric with respect to one another, and 
wherein each of said inner shields is insulated from one 
another. 

4. The audio circuit of claim 3 wherein each of said 
inner shields has a surface resistivity which is signifi 
cantly different from one another. 

5. The audio circuit of claim 1 wherein said one or 
more conducting wires are connected between audio 
equipment for conducting audio signals. 

6. The audio circuit of claim 1, wherein said one or 
more conducting wires are formed of a high magnetic 
permeability material. 

7. The audio circuit of claim 4, wherein each of said 
inner shields is located at a different radial distance from 
Said one or more conducting wires, and said surface 
resistivity of each of said inner shields decreases as said 
radial distance increases. 

8. The audio circuit of claim 1, wherein an insulated 
ground wire is located between said highly conductive 
Outer shield and said one or more inner shields. 

9. The audio circuit of claim 1, wherein said outer 
shield and at least one of said inner shields are con 
nected together at an end of said outer shield. 
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